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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable to use a 
semiconductor light source capable of rapidly modulating 
in several GHz to several tens GHz (millimeter wave 
band). 

SOLUTION: In a semiconductor light emitting element 
capable of rapidly modulating, a first quantum well layer 
4 having an InGaAsP well layer 2 to be a light emitting 
element and an InGaAsP barrier layer 3 having a wider 
forbidden band width than that of the layer 2, and a 
second quantum well layer 8 in which two InGaAs well 
layers 5 and a thin distortion AlAs intermediate barrier 
layer 6 formed between the two layers 5 are interposed 
between AlAsSb barrier layers 7, are alternatively 
laminated to constitute a light emitting region 1. An n- 
type InGaAsP light guide layer 9 is laminated on a lower 
part of the region 1, and a p-type InGaAsP light guide 
layer 10 is laminated on an upper part of the region 1. 
The layer 8 has different inter-subband absorption 
wavelength from the light emitting wavelength in the 

layer 4, and the emitting light is modulated by injecting a modulation signal in the inter-subband 
absorption wavelength band. 
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[0 0 6 0] *HjBgJS-ptt, 1.55 /imS© 
D F B U-tftf "ffltefflStUVrctf, — 3©D FBI/ 

6oghz «ttjBaas*s/7 f l, mf^»-r* 

$fc, SH«^%S64fS)tiRk:fl!>* 
DFBl/- »f««fflU CW#*#84-rS)fcSfctt"7 7' 
50 -T/^U— !f*ttfflLTfeJ:V\ COCWM, 
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LTfeoZtt>T*2Z> 0 *B8Jlfcg[fe6 0GHzfc|g5£ 
[006 1] #HfilJ&£-Z?«, ±T£0 I n G a A 

[0062] (.mzommmm) 06 a, *sewosb2 

If) ©?S6ttlf*ao/^^H«ift*«SWtS1-H-P* 

#*6, *W£li*iLT?8^T^3„ a 1 20 

[0 0 6 3] £ 21 £&H£ttTl^£¥#ttJltt, a©£ 
©^5, nSGaN#pl5 1tAlu G am N 
*S*5 2fr&*5ngiS«H?*5'.yFJi (I2 0f« 
{*«) 5 3, A 1 aas G a o. is N PSISJil 5 4, nSCa 
NJI (£5 5 5kA la* Gao.,5 Nil 

(Jg4©¥jg&/I) 5 6*6a**r/OHIBWBa» 
ttp|5 7, nSGaN!58, I n» Ga u N# 
FI (!f§ 1 ©¥3SttB) 5 9 i: I naos Ga.» NRS 
B6 0fr5>&5Sffii (MftB) 61, plGaNfe 30 
2, Al« Ga». NKSJi6 3. plGaNlfpI 
64£A1» 2 Gau NBg«6 5*»6ft.5pIfiB» . 
5-yFi (S3 ©¥*&B) 6 6ffe§, 

[0 0 6 4] tf7/tyFIWWK*y#F»5 7©£#?g 
tea, afSit^^y F 6 7 F 6 8 £DZlO 

KtfJB**ftTfetK *©iRiRiftStt 1 . 5 

F*^>^y>^ie^LTjgfig?nsJt6{&Ptt, 

T-oO-9-^^yF^LTS3^i:il-r5o A 1 G a N 
/Ga N*?#FT*Sft 1 . 5 5^ m&QWfrtZ' FIB 40 
RiBW^KiT* 5 cfclJ, £i& (W*tt\ C. Gmachl et 
al., Applied Physics Lette, Vol. 77. No. 23, pp. 3 
722-3724) fc^SftTVS. 

[ o o 6 5 ] a 7 a, c vis&tm&is— if (omww& 

ftflKWfcgVTHT?**. ±!20i«S«ljfi5 3~6 6 
a, -9-7r-r7»«7 l©±tfttl*nfcnSGaN» 
«B7 2©±JC»««tlTl^o pS!®»?*9vFJl 
6 6©±»fcttpS!G aNfll7 3tffW*nT*i 
13, f<D±tti, Xh7l'^K©IIBP8P7 4%*-r*n 
SGaNtti5lt^9Sli7 5£, plGaN3y^^M7 50 
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6#8W*tlTl^S. ngaGaNjgHS 7 2£p§yGa 

N3^ni7 6©±ica, ^n^n^-5-y^«si 

7 7. 7 8tf#ja*ftTV*. nSfiB*?^7V FJ15 

t*3 o % gut «t o »ric*nft«iiiic i. k> \s-v*mm 

tffij&ZtlTV&o *iB©— *Ktt, S51. 55/tra 

ojtttaa-rs*v aso. 41 /imifi«©#tt£afr 

[0 0 6 6]|I7 7, 7 9%ftLT C<D*m&U-*f 

J&*Sttfc*?lp{fi[ 6 9, 7 0 ©HTEKafliffT*, 
ifcftO. 4 1 fimttifiT'b-lffgStfigLl^o jSttB6 
1 fcfcl^T, 7 4©flSTtt3fifc:£4'-f 

t^ctt), ^-FtfSlSns. ^{Lft¥aStt©J: 
o £7^ F*+ y ^^ttaafit^^iSv^tin^T, 

■9-7 9 comZfc < -TS^^feSOl?, M5U$* t/J^ 
ff«tt, CRWRBfciD 1 0 0MHz*-^-fcWJRB« 
[0 0 6 7] CO^NWU— «ftCW«aE*»LTSai 
861. 5 5-|nnOSBIffl4S«*ftX-r*o *<Wt*7 

-a-9-7,K> vvamtM^-nwm 5 7 ©** y 7©x* 

a#FBfcSH&mw$#*£-r£fe©£-f3. a*h§ 
^ttt, 5GHz-casw*nTv^t,©i:-r« 0 c©£ 

I nais Ga» Nftpl (SB 1 ©*SMWi) 5 9 

0. 4 1 pm0fHSftt>5GHzTSilSft5c:fcfcfc 

[0 0 6 8] cKOi^tc, *«W«afflr«cii:KJ: 
5, *»»K(41 OOMMzeatOjnftftTft^aWe 

t «f«8S[G h z T-^p-r s c ttmmc 

^ 5 t. 3& 5 o JtiMTBIISS* nfcSffi* J5W T* * 5 

[0 0 6 9] b-im, ^x-f7.^©@ 

WltiM^i' Ftj6ffll*#5o BPS, ^Xi?* 
SjHaHte^-frStttK, 1. 5 

[0 0 7 0] ffiHcfcfe^ftfSJBtfRlfJI-efc 
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[0 0 7 1] WdaHBHSdKV^nBHHKT^ft^V 
^ftifTtt, ro©A*j#©e-h*u- j «foHEt-K 

©ff§ 2 ©*«fcttfc«fc**fii|MM* U— »f ©««§§« 
*- KHH* A f £T3 HflafcBWA f K«#* 10 
U^^OJMWSJEfcSMLTV* 1 . 55 n mf* 

* < T fe R F ^IS^RltlT'feSo 
[0 0 7 2] Sfc, *?«36. WR. JUE© 
«20!BBB«fcl»6Stt*fc©-£H:a*\i B 
e Te/Zn S e»?#pJi©1f^>KBB»R (1. 
5 5jim) tZnCdMgSSe £*?#p"Jl©lMi& 

[0073] (si 3 commmm) m 8 », 3 

tf-f * U L E D) <DBfBS«Jfi*«!S«K:^HTf* 

[0 0 7 4] *Hffi^lOLEDB, niGaAsM 
0° *7»S8 0±ti3totfi«nft, Sftf^9 
8%©nS!AWss Gaaos As/AUs Gam A 
sfr5>ft3DBRJf 8 K n§k J Alo. 9S Gains Asl 
8 2 „ ?0±(cn&raftigA2ftfcttft 1 . 5 5|im^ 
©«lcjfr*n*oiaijff«?8 3, £©Hl#Ttg?8 3£ 30 
¥fflfcafeiitrnS!A U» Gam Asi84, nil 
Alu Gao.,s I nas PfOStf^nSlA 1 A 
s Sb/Ga I nNAsI?#Pl 0I2©*P#F" 
Jf) #*»BjaS*lT^*nffl*5yFl8 5, r>K 
— 7Gaa« I nas P#plt7yH-7°A lo. a G 
a** I nas PfcgBfr&£SS?#PfSftJi (Sgl 
©M?#P"S) 8 6, plS A lose Gaoos Asl8 
7, pSAloss Gaau I no. s P^77H18 8> 
plGaAs3>^^M89i)^45. 

[0 0 7 5] nS!^7vH*8 5©rta5JC»(8JnfcS 40 
AlAsSb/Gal n N A s#WMKlt—-D<DV7'S 

1. 6/imT£5<> 

[0076] c<ommta.s hoa^kz^o^r© 

pSAl« Gao.05 Asl 
8 7©^giSi5«*sl^*T-©7--;l/^i»)g^l|{t:« 
*IT, tt*«7'<-?-+1S«9 0 4:*oTV*. $7^ 
p^G a A say« M8 9BWl7f>^ 

tlT^&o nZtircVyflKV pWG a A s^y $ ?h 50 
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Jf 8 9 ©±«Sfctt p S*- 5'^1S9 2^ 8 0 
©SiJ© L E D ^ < SB#I-C fit n g*- ~ >y £ 

[0 0 7 7] C©LEDt*i«[*aX-rSts ftf£)S8 
6T*?fcIE?Ltf?fl8-i%U 0. 6 5nmf©^4 
U£o CO*ttfi«*0*ti8:DBRl8 1 
*iIg©9§mtt#gJ&$5-9 llcj:-»)Hl3&&&ti« 
©T\ 7 * h > • U if-r * U cfc 5 3SvfBfc#£ C 
So jSftffiSBtL'— f (VC S E L) 
d £ft|HH k a o tv>*^ *HJ6®l8©im»ft»3tt* 
?BL E D£©T\ iSggESjfcS^c 

[0 0 7 8] Stg8 0©S©m@9 3 ©fcl^gBfrS, 
SSI. 5 5Mmflf©Si»i^*Xi#1-S. DBR1 
8 1(4, SfiO. 6 5/im©ftli5Sfr3# x C©1. 

5 5 iimft<DXMmm7&-rz&?ic®m-£tir^2> 0 

iftfi 1 . 5 5/i m»©fflBfi^3tttZ155e©ilSTtt? 8 3 

tiOritaitTfTtt^riRHciiisfi-So c©iu»fj«» 

8 5©fcSMcJBj8£ftfcSA 1 A s S b/G a I n N A 
s«?#p«©"9-r/^>KM^T!RiR*n*o fto 
T, nl^7-J FS8 5*>65!ffll8 6^©**>J7?£ 
AillSn« LED©ffl;WgglSnSo ^/OF 
H«Rfc«t>**y#F« fcK)tJi©lffl©ffili*«nT 

jf©ini©*?©¥«iitiBittai i <onmmm(om^tit-< 

[0 0 7 9] clO^SSti. nIDBRi8 l A f > pi!i'7 
>y KM 8 8 ©XI? ftEBIifiSi^ B^MitM 9 0 ©SS 

frtzmmX*&% 0 ftoT, VCSELMMGHzt- 

«wtEEt«<ar*.«ck*«T« 

5o COLED94B, 0. 6 5 /i m^P O FfcjMffiC 

[0 0 8 0] #^SS^Hg©L ED9 4«, 09 fc 

TKt&oK. 1. 5 5/tm^T*^-r5®^b— «f 

(VCSEL) 9 5£Ga A s JStt 8 0 ©MPftftft; 
UfeiK 1. 5 5 (imfOV C S E L©fRKi£i: L 
T, GaAsi«8 0±KaWtfcja*T*g©***A 

lGaAs/GaAs^^DBRIi:, I n PSfiz 
±Kff«Lfc InGaAs P&«H8i£i:S\ Z£^§gt> 

ftft Lxttm? zmi&to &nrt^ 
[0081] a±a^fc=o©sas»!i6wn 

[0 0 8 2] 

[HB^©am] W±ffifiLfcJ:-5lc*«WU:J:nHf, C 
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[0ffi©ISlji&lKBJ3] 

1 3 JB 1 OJtffiBlllCff b« D F B »f ©SBfeffi 

[0 2 ] JB 1 ©HS&ffi5«g£&b3 D F B U— «f ©5Bt2f 10 

5 y ftjtif owwuiKs^-r a. 

[04] H3©5U*)taiifcfett« (a) (b) 

6 (c) A©*** h/P«fcSWlciS*H. 

[0 5 ] ]g 1 OJOBBttCfltoS D F B U— *f £ffi©x 

[06] SB2©*flgg||t«to«iM&i|i»#u— ifog 

[07] m2(ommm>£9fo*ii&mft\^-ir0* 20 
[08] K30&itmaKtob&ft&7*y>y' 
[09] m3(DM&Bmtc&t>&ft&7*h>' 

^y>^LED*l. 5 5/im§VC S E Lfc-fWfcb 

[ft*t©SiHl§] 
1 

2 - I n G a A s P #pB (Jg 1 ©¥»ftB) 
3-InGaAsPili 30 
4 -SB 1 ©»?#FB 

5- 1 n.GaAs#FI (SB5©^agftB) 

6 - A 1 As$MIV£J| 

7, 7 a, 7b-Al AsSbfcgB OB4©#$*ft: 
B) 

8™tt£*P#F (!B2©fi?#FB) 
9-nlI nGaAs PfttfifcB (SB 2 ©¥g&B) 
1 0-pHl nGaAsP^lii (SB3©¥a!i&B) 
1 1-nII nP^77Kl 

12-nIlnPlfi 40 
1 3. 1 7, 7 7, 7 8, 9 2, 9 3-fI 

1 4, 8 3 -msffc? 

15-pIInP^Ki 

1 6-pSl nGaAsPny^^hJl 

1 8-teffl«>7hffi 
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1 9-«K»*3— f-f 

2 0, 4 5-DF B¥»{*U— »f (^SS0S©^3iftfl 

2 1 ~J|£7-fVU-£ 

2 2-ft7*;l/£ 

2 3-<Ii!Se-.kX7y-y*- 

2 4, 4 

2 5 -aunHtRK 

2 6 -^jfftP— 9* • * S?a-/I/ 
2 7 

2 8 •■•□ij£ii§ 

2 9, 3 0, 4 1, 4 2-1. 5 5/tmf©DFBl/- 
-tf 

3 1 -m&mit • 

3 2 ••■»**»* 

4 6-~#©-&fi« 

4 7-»ft7-fJl/$r 

5 1, 5 5, 5 8, 7 2. 7 5-niG a NB 
5 2, 6 3, 6 5-AUi Gao.. NPfHB 
5 3-niiifi-7-? FB 

5 4, 5 6 - A 1 o.«s Gao.15 NfiSB 
5 7 -V7rty F53MM?#fB 

5 9-In« G a ok NB (SB 1 ©¥«&B) 

6 0 ••• I noos G ao.9s NB 
6 1, 8 6--m&¥F9&tm 

6 2, 6 4, 7 3, 76-plGaN 
6 6-piS(S?^77 FB 

6 7, 6 8, 6 9, 7 0-iffffi 

7 1 -V-7T4TWfiL 
7 4-NDtt 

7 9-^-y- 

8 0-G a A slfi 
8 1 -nlDBRI 

8 2-nlA 1 o.95 G a cos A sS 
8 3-0«ftS? 

8 4-nlAlu Gaos AsB 

8 5-n!B*7? FB 

8 7-pHA 1 ass G a o.o5 A sS 

8 8-pf^77 FB 
89-pSGaAs3^^M 

9 0-&{fcflS 

9lHBI«fcWMU5- 

9 5-1. 55/imfVCSEL 
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